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(54) A core material for closed mould systems 

(57) The invention Is concerned with a core material 
suitable for use in closed mould systems, based on at 
least one fibrous web containing a foam-structure within 
the web, said core material having a compression- 
resistance of greater than 90% at 1 bar pressure, and a 
permeability for resin of more than 5x10'^ m^. 
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Description 

[0001] The invention relates to a core material for 
use in the production of fibre reinforced plastics materi- 
als, more in particular suitable for application in closed 
mould systems. 

[0002] Plastics reinforced with fibrous webs, are 
often used for manufacturing shaped articles such as 
automotive or industrial parts, e.g. tanks, bath tubs, 
road signs, cladding panels, boats, caravans, etc. 
[0003] Fibrous webs, such as webs of natural fibre, 
glass fibre, metal fibre, ceramic fibre or synthetic fibres, 
such as acrylic, polyethylene, polyester, polyamide (ara- 
mide), carbon or polypropylene fibres, are suitable as a 
reinforcement for all kinds of cured synthetic plastics 
materials, such as polyester resin or epoxy resin. Gen- 
erally, the incorporation of a fibrous web in a resin mate- 
rial results in increased strength, stiffness, fatigue life, 
fracture toughness, environmental resistance, 
increased temperature stability, reduced weight and 
manufacturing cost of said resin material. 
[0004] Use of core materials In fibre reinforced plas- 
tics has already been know for decades. The aim 
thereof is on the one hand to decrease the amount of 
resin required, resulting in cost and weight savings, and 
on the other hand to improve some mechanical proper- 
ties of the material, more in particular the bending stiff- 
ness. 

[0005] A well-known type of core material is Core- 
mat of Applicant, based on microsphere impregnated 

non-wovens. 

[0006] US Patent Specification No. 3,676,288 dis- 
closes the application to, or incorporation in, a fibrous 
web of non-expanded microspheres by means of a 
binder, for example, a polyacrylonitrile latex. As the 
binder is dried and crosslinked. the spheres are 
attached to the fibrous web and expanded, 
[0007] The European patent application 0 190 788 
is directed to the use of a fibrous web of, for instance, 
glass fibre, incorporating microspheres, for the manu- 
facture of objects reinforced with such a fibrous web. 
According to the invention of said patent application, the 
microspheres are mainly contained within the web and 
arranged in a pattern in which areas of the web. which 
contain microspheres, are separated from each other 
by areas which contain virtually no microspheres. 
[0008] In the production of fibre reinforced plastics 
materials two prominent methods are available, one 
being based on the manual impregnation of the fibre 
materials (hand lay-up; spray-up) and another being 
based on the use of closed moulds. In the latter, auto- 
mated system the fibre reinforcing material is placed in 
a mould, which is closed and subsequently filled with 
resin. An important advantage of these closed mould 
systems resides i,a. in the reproducibility of the proper- 
ties of the product (better tolerances) in environmental 
considerations, in enhanced surface properties and in 
enhanced mechanical properties. It is also possible to 
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apply higher fibre volume fractions. 
[0009] Use of the above described core materials in 
closed mould systems has not become widespread due 
to the difficulties in reconciling the various requirements 
5 to be met by a core material for use therein. 
[001 0] These properties are i.a. 

good compression resistance, 
fast flow of resin through the core material in all 
10 directions, 

low resin uptake, 

decreased shrink (i.e. compensate for resin shrink- 
age), and 

good drapability (i.e. low bending stiffness). 

75 

[0011] In particular the first two requirements are 
very difficult to reconcile. It will be clear, that the open 
structure that is necessary for obtaining a good resin 
flow in the plane of the core material, will tend to be at 
20 the expense of the compression-resistance. Further, a 
low resin uptake, which can be obtained by a large vol- 
ume of foam in the web, will be incompatible with the 
good flow of resin. 

[0012] Also the drapability characteristics are not 
25 easily compatible with the compression resistance and 
the low resin uptake. 

[0013] Accordingly the inventors have set them- 
selves the task of trying to reconcile at least some of 
these requirements, thereby providing a core material 

30 suitable for the use in closed mould systems. 

[0014] The invention is based thereon, that the 
inventors have found that by carefully balancing the 
properties of the various components, fibres, binder, 
foam structure and the like, an optimal balance between 

35 the contrary properties is obtained. The invention is 
accordingly directed to a core material suitable for use 
in closed mould systems, based on at least one fibrous 
web containing a foam-structure within the web, said 
core material having a compression resistance of more 

40 than of more than 90 %, preferably more than 95% at 1 
bar pressure, and a permeability for resin of more than 
5x10'® m^. In core materials containing open channels, 
the permeability (k) is defined according to the law of 
Darcy for steady flow as 

45 

^ k.A Ap 

^ Tl • Ax ' 

50 wherein q is the resin flow in m^/s, A is the total surface 
of the cross section through which the resin flows in m^, 
r\ is the viscosity of the resin in Ns/m^, Ap is the pres- 
sure difference in N/m^ and Ax is the distance over 
which the pressure difference exists and the resin flows 

55 in m. The permeability is defined in the plane of the 
material, that is not perpendicular to the material, but 
parallel to the upper and lower surface thereof. 
[0015] According to a preferred embodiment the 
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fibrous web containing a foam structure has a free vol- 
ume of less than 60 vol.% In this respect the free vol- 
ume is understood to mean the volume of the material 
that can be accessed by resin. The remainder of the vol- 
ume will be a closed cell foam structure (and some 
fibres). The closed cell foam structure can be prepared 
from a mechanically stable binder foam that is printed 
into the web, or from (optionally expandable) micro- 
spheres which are introduced into the web using an 
optionally foamed binder material. Depending on which 
approach is chosen, different production methods will 
be used. 



[0016] A preferred web comprises at least 20 wt.% 
of fibres, up to 80 wt.% of binder material, optionally 
also containing expandable microspheres, having an 
activation temperature of at least lao^'C. whereby the 
free volume in the web is at most 60 vol.%. The web 
may be mechanically, physically or chemically bonded. 
[0017] In a further preferred embodiment the core 
material has a bending stiffness which allows it to be 
easily bended around corners with a radius of less than 
1 0 mm. This provides therefore that the material can be 
draped in a good way in the mould, thus enabling the 
production of smoothly shaped products. 
[0018] The core material of the invention may be 
prepared using techniques known for producing the 
prior art core materials for the manual production of 
fibre reinforced plastic materials. 
[001 9] As has been indicated above, the production 
depends at least partly on the embodiment chosen. 
Turning first to the system without microspheres, the 
core material may be produced by providing a suitable 
non-woven, prepared from useful fibres, such as glass 
fibres, polyester fibres, polyester-polyethylene bicompo- 
nent fibres and combinations thereof. Also substrates 
like wovens, knittings, and plastic foam materials may 
be used. The material, already possessing the neces- 
sary thickness, is provided with a foam structure, prefer- 
ably by screen printing a mechanically stable foam into 
the non-woven. This technique is i.a. described in Euro- 
pean patent application No 184.596. The mechanically 
stable foam can be prepared by foaming a binder mate- 
rial solution or dispersion in a suitable solvent, such as 
water. The amount of binder in the foam should be such, 
that the foam structure is maintained during screen 
printing and drying, resulting in the presence of a foam 
structure in the non-woven with at least part of the foam 
cells being closed cells. In this way a core material 
according to the invention may be prepared. 
[0020] In an alternative method the non-woven may 
be printed with a foam or an unfoamed binder, also con- 
taining expanded microspheres, such as polymeric, 
glass or ceramic microspheres. By careful selection of 
the type and amount of binder, the type and amount of 
microspheres and the properties of the non-woven 
(thickness, stiffness of fibres and the like) a core mate- 
rial having the required advantageous properties may 
be produced. The foam itself may also be mechanically 



stable. 

[0021] In the case of use of expandable micro- 
spheres, it is preferred to use the following process. 
First a dispersion of expandable microspheres in a 
5 binder material is prepared, which dispersion is option- 
ally foamed. The initial expansion temperature of the 
microspheres is preferably below the curing tempera- 
ture of the binder material. Subsequently, the non- 
woven, having a thickness less than the required final 
10 thickness, is screen printed with the dispersion. Follow- 
ing this, the material is dried and heated to the expan- 
sion temperature of the microspheres. Upon expansion 
the temperature is further raised with the result that the 
binder material cures and sets the microspheres in the 
15 web. In this way a core material according to the inven- 
tion can be prepared. 

[0022] The Initial expansion temperature of the 
microspheres is preferably between 120 and 190°C. 
The curing temperature of the binder will preferably be 
20 above 170°C. 

[0023] According to a very convenient method, the 
non-woven will be based on a combination of polyester 
fibres and polyethylene-polyester bicomponent fibres 
(or other low temperature melting fibres or powders). 
25 These types of webs have been thermally bonded by 
the bicomponent fibres. By heating the web to the initial 
expansion temperature of the microspheres, which is 
above the melting point of the polyethylene bond, the 
web becomes loose and will expand easily After expan- 
se slon, and curing the final material again has its good 
bond, resulting in the advantageous combination of 
properties of the invention. At the same time the web is 
very easy to handle at the initial stages of the process, 
thanks to the thermal bonding. 
35 [0024] The fibrous web to be used according to the 
invention will usually be a non-woven, which may be 
reinforced, based on conventional fibres. The manufac- 
ture of suitable non-wovens has for instance been 
described by Dr. H. Jorder, Textilien auf Vliesbasis 
40 (D.V.R. Fachbuch, P. Kepper Veriag). It is also possible 
to use a combination of a non-woven fibrous web with a 
reinforcing fabric, one within or on top of the other. 
[0025] The fibres of the web are preferably selected 
from the group of natural fibres, glass fibres, metal 
45 fibres, ceramic fibres or synthetic fibres, such as acrylic, 
polyethylene, polypropylene, polyester, polyamide (ara- 
mide), carbon or polypropylene fibres and combinations 
thereof. According to a more preferred embodiment the 
fibres are selected from the group of glass fibres, poly- 
50 ester fibres, polyester-polyethylene bicomponent fibres 
and combinations thereof. 

[0026] The microspheres that may be provided in a 
fibrous web according to the invention preferably consist 
of a thermoplastic synthetic resin material that is solid at 
55 room temperature. Examples of suitable resins include 
polystyrene, styrene copolymers, polyvinyl chloride, 
vinyl chloride copolymers, vinylidene chloride copoly- 
mers and so forth. 
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[0027] In the microspheres, a blowing agent has 
been incorporated. The presence of this blowing agent 
is responsible for an expansion of the microspheres 
when a fibrous web, comprising the microspheres, is 
cured. Thus, the microspheres are pressed into the 
fibrous web in unexpanded form, for example by means 
of a paste, such as a foam paste. The blowing agent 
may be a chemical or physical blowing agent, such as 
azodicarbonamide, isobutane, freon and so forth. 
[0028] The microspheres advantageously have a 
diameter of 4-20 ^im in unexpanded state, and a diame- 
ter of preferably 10-100 ^m in expanded state. After 
expansion of the microspheres, the amount thereof in 
the web is in general 10 to 60 vol.%. This amount 
depends on the amount of microspheres used and the 
degree of expansion thereof. 

[0029] In accordance with one embodiment, the 
microspheres are distributed homogeneously through- 
out the fibrous web. According to this embodiment, the 
microspheres may be provided in the web by impregna- 
tion techniques. 

[0030] In another embodiment, which is preferred in 
view of the accessibility for the resin (resin flow proper- 
ties), the microspheres are disposed mainly within the 
web and arranged in a pattern in which areas of the web 
which contain microspheres are separated from each 
other by areas which contain virtually no microspheres. 
In a fibrous web in accordance with this embodiment, 
the microspheres may be arranged so as to form a pat- 
tern of 'islands', which are separated from each other by 
areas (channels) containing no microspheres, but only 
fibres. Preferably, the microspheres are arranged in a 
regular pattern. 

[0031] Suitable binders in this regard are for 
instance lower alkyi acrylate polymer, styrene-butadi- 
ene rubber, acrylonitrile polymer, polyurethane, epoxy 
resins, polyvinyl chloride, polyvinylidene chloride, and 
copolymers of vinylidene chloride with other monomers, 
polyvinyl acetate, partially hydrolyzed polyvinyl acetate, 
polyvinyl alcohol, polyvinyl pyrrolidone, polyester resins, 
and so forth. Optionally these binders can be provided 
with acidic groups, for example by carboxylating the 
binders. A suitable carboxylating agent is, for example, 
maleic anhydride. In addition, the binder, paste-like 
composition optionally contains water, surfactants, foam 
stabilizers, fillers and or thickeners, as has been 
described in EP-A-0 190 788. 
[0032] Of course, the invention also encompasses 
a method for manufacturing a shaped article, wherein a 
fibrous web as described hereinabove is impregnated 
with a liquid resin and a hardener therefor. 
[0033] Suitable liquid resins for impregnating a 
fibrous web according to the invention are any synthetic 
plastic materials that can be applied in liquid form and 
be cured. Examples are polyester resins, phenol resins, 
melamine formaldehyde resins and epoxy resins. Given 
the specifications of a shaped article to be manufac- 
tured, a skilled artisan will be able to suitably select an 



appropriate resin. 

[0034] Suitable hardeners for use in a method 
according to the invention are any hardeners which can 
be used to cure the chosen liquid resin. These systems 
5 are known to the skilled person. It belongs to the stand- 
ard knowledge of the person skilled in the art to be able 
to combine resin and hardener so as to obtain optimum 
results. 

[0035] The invention will now be elucidated by the 
10 following, non-restrictive example. 
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[0036] A combination of non-woven fleeces was 
15 prepared, based on a central layer of glass-fibres and 
non-woven toplayers of polyester/PES-PE bico fibres. 
[0037] An aqueous binder mixture was prepared 
consisting of about 45 kg of an acrylate dispersion, 
about 1 kg Solvitose and about 2 kg expandable micro- 
20 spheres (all based on dry matter; the dry solids content 
was 53.6%). 

[0038] The binder mixture was applied in a hexago- 
nal pattern to the above fleece, using rotogravure print- 
ing. 

25 [0039] After drying the fleece at about 1 0O^C, it was 
expanded to a thickness of 3 mm and cured at a temper- 
ature of about 180°C. 

[0040] The resulting material showed a very good 
porosity in combination with high compression resist- 
30 ance. The compression-resistance was 95% at 1 bar 
pressure, and the permeability for resin was 1 x 1 0'^ m^. 

Claims 

35 1. A core material suitable for use in closed mould 
systems, based on at least one fibrous web con- 
taining a foamstructure within the web, said core 
material having a compression-resistance of 
greater than 90% at 1 bar pressure, and a permea- 

40 bility for resin of more than 5x10'® m^. 

2. A core material according to claim 1 . wherein the 
free volume of the web is less than 60 % by volume, 

45 3. A core material according to claim 1 or 2, wherein 
the fibrous web contains microspheres, preferably 
glass, ceramic or thermoplastic microspheres. 
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4. A core material according to claim 3. wherein the 
microspheres are disposed mainly within or upon 
the web and arranged in a pattern in which areas of 
the web which contain microspheres are separated 
from each other by areas which contain virtually no 
microspheres. 

5. A core material according to claims 1-4, wherein 
the web contains a foam structure based on a 
mechanically stable foamed binder composition. 
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A core material according to claims 1-5, having a 
drapability wtiich allows it to be easily bended 
around a corner with a radius of less than 10 mm. 

A core material according to claims 1-6, comprising 
at least 30 wt.% of fibres, up to 70 wt. binder mate- 
rial, optionally also containing expandable micro- 
spheres, having an activation temperature of at 
least 120°C, whereby the free volume in the web is 
at most 60 vol.%. 
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A core material according to claim 7. wherein 
expanded thermoplastic microspheres are present 
in the web, said microspheres having an initial 
expansion temperature below the curing tempera- is 
tureof the binder. 



A core material according to claims 1-8, wherein 
the fibres of the web are selected from the group of 
fibrous webs, such as webs of natural fibres, glass 
fiber, metal fiber, ceramic fiber or synthetic fibres, 
such as acrylic.polyethylene, polypropylene, poly- 
ester, polyamide (aramide). carbon or polypropyl- 
ene fibres and combinations thereof, preferably 
from the group of glass fibres, polyester fibres, pol- 
yester-polyethylene bicomponent fibres and combi- 
nations thereof. 



microspheres and curing the binder 

16. Process according to claim 15, wherein the micro- 
spheres start to expand at a temperature below the 
curing temperature of the binder material. 

1 7. Process according to claim 1 5 or 1 6, using a fibrous 
web based on thermally bonded polyester-polyeth- 
ylene bicomponent fibres or fibres with a melting 
point below 80°C, introducing the expandable 
microspheres and binder material in the web, heat- 
ing the web to a temperature above the melting 
point of the polyethylene, thereby at least partly 
breaking the sealing in the web, followed by expan- 
sion of the microspheres, curing of the binder mate- 
rial and setting of the foam structure. 

18. A shaped article obtainable by a method according 
to claims 12 or 13. 
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10. A core material according to claim 9, wherein the 
fibrous web is based on a combination of polyester 30 
fibres and polyester-polyethylene bicomponent 
fibres. 

11. Laminate at least consisting of a core material 
according to claims 1-10, laminated with one or 35 
more fibrous fleeces. 

12. Process for preparing a shaped article, said proc- 
ess comprising placing a core material according to 
claims 1-10, optionally in combination with one or 40 
more other non-woven fleeces, In a closed mould, 
Introducing a liquid resin Into the mould and curing 
the resin to produce the article. 

13. Process according to claim 12, wherein the resin is 45 
a polyester resin, an epoxy resin, a polyurethane 
resin, a melamine-formaldehyde resin or a phenol 
resin. 



14. Process for producing a core material according to so 
claim 1, said process comprising introducing a 
foamed or foam generating material into a fibrous 
web using at least one binder material and setting a 
foam in the web by curing the binder material. 

55 

15. Process according to claim 1 4, wherein expandable 
microspheres are introduced into a fibrous web, 
using a binder material, followed by expanding the 
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